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(54) [Title of the invention] Inkjet ink, inkjet recording method and recording device which 
used this ink. 



(57) [Summary] 

[Objective] To provide inkjet ink, printing 
method and printing device which realize 
the image formation on substrates that do 
not absorb ink, do not cause smudging 
between printed inks and have excellent 
water resistance, light resistance and abra- 
sion resistance when object is wet. 
[Constitution] Inkjet ink that contains at 
least UV hardening and water insoluble 
monomer, solvent that dissolves that mono- 
mer, water and printing agent containing 
pigment and photo-initiator, and inkjet 
printing method and printing device using 
this ink. 
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[Claims] 

[Claim 1] Inkjet ink that is characterized 
by containing at least water insoluble 
monomer that solidifies by applying energy, 
solvent that dissolves the water insoluble 
monomer, water, printing agent, and solidi- 
fication initiator. 

[Claim 2] Inkjet ink that is described in 
Claim 1 , wherein the said solvent is at least 
one kind or two or more kinds being se- 
lected from water soluble solvents that 
dissolve the water non-soluble monomer and 
non-proton type polar solvents. 
[Claim 3] Inkjet ink that is described in 
Claim 1 or 2 wherein the said printing agent 
is aqueous pigment dispersion. 
[Claim 4] Inkjet ink that is described in 
one of Claim 1 through 3, wherein the 
applied energy is ultraviolet light, heat or 
electron beam, in the inkjet ink that solidi- 
fies with the application of energy. 
[Claim 5] In inkjet printing method that 
prints by applying ink droplets being gener- 
ated by inkjet method on printing media, 
inkjet printing method that is characterized 
by using the ink as the said ink that solidi- 
fies by applying energy after printing and is 
described in one of the said Claims 1 
through 4. 

[Claim 6] Inkjet printing method that is 
described in Claim 5 wherein the said 
printing medium does not have ink perme- 
ability. 

[Claim 7] Inkjet printing method that is 
described in Claim 5 wherein printed images 
are generated by applying ink droplets of at 
least one or more colors with an inkjet 
printing head that is provided with multiple 
ink expelling holes. 

[Claim 8] Inkjet printing method that is 
described in Claim 5 wherein printed images 
are generated by applying ink droplets of at 
least one or more colors with a bubble-jet 
type inkjet printing head that is provided 
with multiple ink expelling holes. 
[Claim 9] Inkjet printing method that is 



described in Claim 5 wherein the said inkjet 
method is a method to apply heat energy to 
ink. 

[Claim 10] In ink cartridge having an ink 
storage section that contains ink, ink car- 
tridge that is characterized by applying the 
ink that is described in one of the said 
Claims 1 through 4, as the said ink. 
[Claim 11] In printing unit having both an 
ink storage section that contains ink and a 
head section for expelling the said ink as ink 
droplets, printing unit that is characterized 
by applying the ink that is described in one 
of the said Claims 1 through 4, as the said 
ink. 

[Claim 12] Printing unit that is described in 
Claim 1 1 wherein ink expelling is done by 
applying heat energy to the said ink at the 
said head section. 

[Claim 13] In inkjet printing method that 
prints by applying ink droplets being gener- 
ated by inkjet method on printing media, 
inkjet printing device that is characterized 
by having an ink cartridge or printing unit 
that are described in one of the said Claims 
10 through 12. 

[Detailed explanation of the invention] 
[0001] 

[Industrial application field] This inven- 
tion concerns inkjet ink, inkjet printing 
method using this ink, and printing device, 
and it especially concerns the inkjet ink, the 
inkjet printing method using this ink, and the 
printing device that are used for the inkjet 
printing method that expels ink by generat- 
ing bubbles by electrical heat exchange. 
[0002] 

[Prior technology] As the ink for inkjet 
that expels liquid ink from head nozzles to 
print letters, there have been aqueous ink 
wherein dye is dissolved as colorant in water 
base solvent, and solid ink wherein dye is 
dissolved in wax base solvent that solidifies 
at room temperature and expels from a head 
to print letters while it is heated to melt. 
[0003] On the other hand, regarding 
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ultraviolet light curing type inkjet ink, there 
is an ink that uses aqueous dye as described 
in Public Notice of Patent Publication 
(Kokai) Hei 5-186725, which has made 
printing on normal paper and recycled paper 
easy. Furthermore, there is an ink that uses 
aqueous monomer as the ink that is ultra- 
violet light curing type inkjet ink and prints 
letters on printing media that do not have ink 
permeability. 

[0004] Also, as a method to form images 
on plastic substrate, an ink that uses subli- 
mating dye in ultraviolet light curing type 
resin has been disclosed as described in 
Public Notice of Patent Publication (Kokai) 
Shou 52-142516. 
[0005] 

[Problems to be solved by this invention] 

However, previous inkjet inks had problems 
as described below. 

1 . Because the aqueous ink utilizes the 
solvent permeation into paper, drying of ink 
takes a long time when plastics are used as 
the medium to be printed and it can not form 
images having abrasion resistance. Ac- 
cordingly, paper is the only medium as the 
object to be printed. 

2. The ink that is a mixture of ultraviolet 
light curing resin and aqueous dye would 
not smudge when contacted with water 
again after printing, however, it is not 
possible to avoid discoloration of the dye 
due to the irradiation of ultraviolet light. 
[0006] 3. The ink that uses aqueous 
monomer as the ultraviolet light curing resin 
does not have abrasion resistance when it is 
soaked wet because good film property is 
not obtained when it cures. 

4. The solid ink does not choose the me- 
dium to be printed, however, printed dots 
are easily removed even with weak abrasion 
force, because it is a soft material as wax. 
Also, due to the property of the ink, it is not 
suitable for bubble jet. 

5. Concerning the ink using sublimation 
dye, there is a need to heat the printing 



medium up to 120 to 180 °C, the printing 
medium must be heat resistant which is a 
limiting factor. Further, due to the property 
of the ink, it is not suitable for bubble jet. 
[0007] This invention has been accom- 
plished in order to improve these drawbacks 
of previous technologies, and its objective is 
to provide inkjet ink, printing method and 
printing device, that are capable of forming 
images on the substrates that do not absorb 
ink and do not cause smudging between 
printed inks, and which is excellent in water 
resistance, light resistance and abrasion 
resistance when it is wet. 
[0008] 

[Methods to solve the problems] Namely, 
this invention is inkjet ink that is character- 
ized by containing at least water non-soluble 
monomer that solidifies by applying energy, 
solvent that dissolves the water non-soluble 
monomer, water, printing agent, and solidi- 
fication initiator. 

[0009] Furthermore, in inkjet printing 
method that prints by applying ink droplets 
being generated by inkjet method on print- 
ing media, this invention is an inkjet printing 
method that is characterized by using the ink 
that solidifies by applying energy after 
printing, as the said ink. 
[0010] Furthermore, in ink cartridge having 
an ink storage section that contains ink, this 
invention is an ink cartridge that is charac- 
terized by applying above described ink for 
inkjet, as the said ink. 

[0011] Further, in printing unit having both 
an ink storage section that contains ink and a 
head section for expelling the said ink as ink 
droplets, this invention is a printing unit that 
is characterized by applying the ink that is 
described above, as the said ink. 
[0012] Furthermore, in inkjet printing 
method that prints by applying ink droplets 
being generated by inkjet method on print- 
ing media, this invention is an inkjet printing 
device that is characterized by having an ink 
cartridge or printing unit that are described 
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above. 

[0013] In the following, this invention is 
described in detail. This invention provides 
an inkjet ink which can be applied without 
limitation in printing media, can form image 
even on the printing medium which does not 
absorb ink for example, which is light 
resistant and abrasion resistant when it is 
wet, by containing a water insoluble mono- 
mer which solidifies by energy application 
such as ultra-violet radiation, heat or elec- 
tron, solvent which dissolves the said water 
insoluble monomer, water , printing agent 
and solidification initiator. 
[0014] Furthermore, a composition of the 
inkjet ink of this invention is explained in 
the following. The ink contains at least a 
water insoluble monomer which solidifies 
by energy application as a water insoluble 
monomer, at least one or more than two 
solvents chosen from non proton polar 
solvent which dissolves the said water 
insoluble monomer and water insoluble 
solvent, water, aqueous pigment dispersant 
as a printing agent, light polymerization 
initiator as a solidification initiator and it 
provides the ink which solidifies the ink by 
radiating ultra violet, for example after the 
printing to the printing area and which is 
suitable for bubble jet which is capable to 
print even on the substrate which does not 
have ink permeability. 
[0015] For the water insoluble monomer 
used in this invention, water insoluble 
monomer which solidifies by energy appli- 
cation of such as ultra violet radiation, heat 
or electron, is used. For the water insoluble 
monomer which solidifies by applying 
ultraviolet radiation, heat or electron, 
followings are listed as example, 
(i) Polyester acrylate which has acrylate 
ester radical on the terminal of molecular 
chain or it could be a urethane modified 
product which has urethane linkage in its 
molecule. As monomers, brand name 
Aronix M-6100, M-6200, M-6250, M-6300, 



M-6400, M-7100, M-8030, M-8060 and M- 
8100 (made by TOA GOSEI Ind. Co., Ltd.) 
are listed. 

[0016] (ii) Reaction products of polyisocy- 
anates with acrylate monomer containing 
hydroxy or it could be urethane modified 
products having urethan linkage in the 
molecule. As monomers, reaction products 
of polyisocyanate such as tolylene diisocy- 
anate, isophorone diisocyanate, hexamethyl- 
ene diisocyanate, trimethyl hesamethylene 
diisocyanate, lysine diisocyanate and 
diphenyl methane diisocyanate and hydroxy- 
containing acrylic monomer are listed. 
[0017] For example, reaction product of 
polyisocyanate compound known as brand 
name Sumijour N (buret derivative of 
hexamethylene diisocyanate) and Sumijour 
L (tolylene diisocyanate modified by 
trimethylol propane) (both made by Sumi- 
tomo Bayer Urethane Co., Ltd.) which is 
added with hydroxy containing (metha) 
acrylate ester can be used. As hydroxy 
containing acryl monomer mentioned above, 
hydroxy-ethylacrylate, hydroxy- 
ethylmethacrylate, hydroxypropyl acrylate 
are preferable. 

[0018] The amount of water insoluble 
monomer that is contained in the ink of this 
invention is normally desired to be within a 
range of 1 to 50 weight percent. Under 1 
weight percent, desirable film property is 
not obtained and there is no abrasion resis- 
tance when soaked wet, and if it exceeds 50 
weight percent, curing time gets longer and 
desirable film property is not obtained. 
Furthermore, it should be preferably 3 to 20 
weight percent and there is an advantage 
that good film property and abrasion resis- 
tance when soaked wet are obtained within 
this range, and more preferably it should be 
5 to 15 weight percent and there is an 
advantage that more desirable film proper- 
ties and abrasion resistance when soaked 
wet are obtained within this range. 
[0019] As the solvent that dissolves above 
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described water insoluble monomer which is 
used in this invention, at least one kind or 
two or more kinds of solvents that are 
selected from non-proton type polar solvent 
and water soluble solvent are used. 
[0020] As the concrete examples of the 
water soluble solvent that dissolves the 
water insoluble monomer, the lists are; alkyl 
alcohol of carbon number 1 through 4 such 
as methyl alcohol, ethyl alcohol, n-propyl 
alcohol, isopropyl alcohol, n-butyl alcohol, 
sec-butyl alcohol, tert-butyl alcohol and iso- 
butyl alcohol; 

[0021] amides such as dimethyl-formamide 
and dimethyl acetamide; ketone or keto- 
alcohols such as di-acetone alcohol; ethers 
such as tetrahydrofuran and dioxane; poly- 
alcolene glycols such as polyethylene glycol 
and polypropylene glycol; alkylene glycols 
of which alkylene group contains 2-6 of 
carbon atoms such as ethylene glycol, 
propylene glycol, butylene glycol, Methyl- 
ene glycol, 1,2,6-hexane triol, thio-diglycol, 
hexilene glycol and diethylene glycol; 
[0022] glycerin; lower alkyl ethers of 
polyhydric alcohol such as ethylene glycol 
mono-methyl (or ethyl) ether, di-ethylene 
glycol-methyl (or ethyl) ether, and tri- 
ethylene glycol mono-methyl (or ethyl) 
ether; N-methyl-2-pyrrolidone; 1,3- 
dimethyl-2-imidazolisinone; and 2- 
pyrrolidone. 

[0023] As the concrete examples of the 
non-proton polar solvents, such as acetone, 
acetonitrile, N,N-dimetyl-formamide 
(DMF), and dimetylsulfoxide (DMSO) are 
listed. 

[0024] Furthermore, in order to obtain 
stability of jet, addition of aliphatic mono- 
valent alcohol-ethanol or isopropyl alcohol 
for example - in 3 weight percent or more, is 
effective. This means that more stable 
bubbling of thin film of ink on thermal 
resister is obtained by adding these solvents. 
[0025] Furthermore, as the effect of these 
solvents, it can be said that formation of 



bubbles is suppressed at dispersing and 
effective dispersion may be accomplished 
by adding these solvents to the dispersion. 
[0026] The amount of the used solvent 
which dissolves above described water 
insoluble monomer is desired to be normally 
within a range of 1 to 50 weight parts 
against 100 weight parts of the water insolu- 
ble monomer. If it is under 1 weight parts, 
viscosity of solution is too high which 
prevents from printing, and if it exceeds 50 
weights parts, good film property is not 
obtained which is not desirable. Further, it 
is preferably 5 to 30 weight parts against 
100 weight parts of water insoluble mono- 
mer, and more preferably it shall be 10 to 25 
weight parts, and both viscosity and film 
property are good in this range. Then, as the 
printing agent that is used in this invention, 
aqueous pigment dispersion comprising such 
as water soluble resin, water and amine is 
listed. 

[0027] As the pigment that is used in this 
invention, all of the organic pigments and 
inorganic pigments that are known to public 
may be used. For example, it is able to 
mention azo pigment such as azo lake, 
insoluble azo pigment, condensed azo 
pigment and chelate azo pigment; polycyclic 
pigment such as phthalocyanine pigment, 
perylene and perylene pigment, anthraqui- 
none pigment, quinacridone pigment, 
dioxazine pigment, thio-indigo pigment, 
isoindolinone pigment, and quinophthaloni 
pigment; dye lake such as basic dye type 
lake and acidic dye type lake; organic 
pigments such as nitro pigment, nitroso 
pigment, aniline black and daylight fluores- 
cenet pigment; and inorganic pigments such 
as titanium oxide, iron oxides and carbon 
black. Also, any of the pigments even that 
are not listed on the color index may be used 
if they are able to be dispersed in water 
solution that contains at least water soluble 
resin (dispersed resin) amine and water. 
[0028] The water soluble resin (dispersion 
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resin) which is included in order to disperse 
pigments to the ink of this invention is 
soluble to the water solution which is 
dissolved with amine or base and the resin 
of which average molecular weight is in the 
range of 3,000 to 30,000 is used. Further- 
more, the average molecular weight in the 
range of 5,000 to 15,000 is preferred. 
Examples are styrene-acrylic acid- 
copolymers, styrene-acrylic acid-acrylic acid 
alkyl ester copolymers, styrene-maleic acid 
copolymers, styrene-maleic acid-acrylic acid 
alkyl ester copolymers, styrene methacrylic 
acid copolymers, styrene-methacrylic acid- 
acrylic acid alkyl ester copolymers, styrene- 
maleic acid half-ester copolymers, vinyl- 
naphthalene-acrylic acid copolymers, 
vinylnaphthalene-maleic acid copolymers, 
styrene-maleic anhydride-maleic acid half- 
ester copolymers or their salts can be used. 
[0029] Several methods are listed to 
measure average molecular weight such as 
above mentioned water soluble resin, it is 
most common to use such as GPC (gel 
permeation chromatography). 
[0030] Further, the ink of this invention is 
desired that entire ink is controlled in neutral 
or alkaline side, because it is able to im- 
prove solubility of the said water soluble 
resin which makes the ink with further 
superior storage stability. Because pH of the 
ink could be a cause of corrosion of the 
various components being used for inkjet 
printers, it is desired to be within a range of 
pH7tol0. 

[0031] Also, as the pH controlling agents 
that are used for the aqueous media of this 
invention, such as various organic amine 
such as diethanol amine and triethanol 
amine, inorganic alkaline such as hydroxide 
of alkaline metal such as sodium hydroxide, 
lithium hydroxide and potassium hydroxide, 
and others such as organic acid and mineral 
acid are listed for examples. 
[0032] Thus, pigments and water soluble 
resin are dispersed or dissolved in aqueous 



medium. The suitable aqueous medium for 
the ink if this invention is mixed medium of 
water and water soluble organic solvent, and 
use of ion exchanged water (de-ionized 
water) is desirable for the water instead of 
ordinary water that contains various ion. 
The amount of water content in the ink of 
this invention is desired to be within a range 
of 1 to 60 weight percent and preferably it 
should be 20 to 50 weight percent. 
[0033] Generally, as the properties that are 
required for inkjet ink, properties such as 
viscosity, surface tension and pH of ink are 
listed, however, there have been many cases 
that even if these properties were satisfac- 
tory but bubbling of ink was unstable, in 
case of dispersion system such as aqueous 
pigment ink. 

[0034] Therefore, after a result of serious 
research on properties of the ink that is 
aqueous pigment ink, thermally stable and 
furthermore, capable of producing optimum 
bubbling, the inventors have discovered that 
by controlling the amount of water soluble 
resin being dissolved in ink to 2 weight 
percent or less of total weight of ink, pref- 
erably 1 weight percent or less, the ink 
bubbles accurately on the resister body 
under various driving conditions, and 
furthermore, it would not generate deposits 
on the thin film resister body for a long time 
period. This means if a large amount of 
excess water soluble resin exists in ink 
compared to the amount of pigment, ink 
may not bubble even specific thermal energy 
is applied on the thin film resister or this 
excess water soluble resin turns into insolu- 
ble substance by the heat when pulse is 
applied and deposits on the thin film resister, 
and this has been the cause of no expelling 
or misshaping of printed letters. 
[0035] The water soluble resin which is 
dissolved here means the resin which is 
dissolved in the liquid medium without 
being adsorbed to the pigment. One method 
to reduce such dissolving water soluble resin 



content is to adjust the weight percent of the 
pigment and water soluble resin in the range 
of, 3:1 to 30:1, preferably 10:3 to 30:1 when 
the ink is prepared. 

[0036] Furthermore, the total amount of 
pigment and water soluble resin in the 
dispersing solution should be more than 10 
% in weight and preferably between 10 to 30 
%. This is because dispersion can not be 
done efficiently to obtain the optimum 
condition of dispersion unless more than a 
certain amount of pigment and water soluble 
resin exist in the dispersing solution. 
[0037] As the method to prepare water 
soluble pigment dispersion of this invention, 
pigment is added at first to a water solution 
containing at least water soluble resin 
(dispersion resin), amine and water and the 
mix is stirred, then dispersed by using a 
dispersing device which is mentioned later 
and if necessary, treated with cetrifugal 
separation and the desired dispersion liquid 
is obtained. Then this dispersed liquid is 
added with the components which are listed 
above, such as polymethyl methacrylate and 
it is stirred and made into the ink. 
[0038] In order to make the content of the 
water soluble resin dissolved in the ink 
(resin which is not adsorbed to pigment) to 
be less than 2 weight percent, it is necessary 
to adopt the method to pre-dissolve the resin 
completely by stirring the water solution 
containing resin and amine for longer than 3 
minutes at higher than 60°C. 
[0039] Furthermore, it is necessary to add 
amine or base that dissolves resin in the 
amount of 1 .2 times or more of the amount 
of amine or base that is obtained by calcula- 
tion from acid value of resin. This amount 
of amine or base is obtained by following 
equation. 

[0040] 

[Equation 1] 

amount of amine (g) 
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acid value of resin x Jvl. W. of amine x amount of resin (g) 
56000 

[0041] Furthermore, it is necessary to apply 
premixing for 30 minutes or longer before 
the dispersing treatment of the water solu- 
tion containing pigment. This premixing 
operation is to improve wetting of pigment 
surface and promote absorption to pigment 
surface. 

[0042] As the amine that is added to the 
dispersion liquid, organic amine is prefer- 
able such as mono-ethanol amine, di-ethanol 
amine, tri-ethanol amine, amino-methyl 
propanol and ammonia. 
[0043] On the other hand, the dispersing 
machine that is used in this invention may 
be any of those generally used dispersing 
device, and such as ball mill, roll mill and 
sand mill are listed for example. Among 
them high speed sand mill is desirable, and 
such as Super Mill, Sand Grinder, Beads 
Mill, Agitator Mill, Glen Mill, Daino Mill, 
Pearl Mill and Cobol Mill (all of them are 
brand name) are listed, for example. 
[0044] As the method for obtaining pig- 
ment with desired particle size distribution, 
techniques such as reducing the size of the 
grinding media of disperser, increasing the 
rate of loading of grinding media, elongating 
process time, reducing output rate, and 
sifting with a filter or centrifuge, are used 
and these techniques may also be used in 
combination. 

[0045] Also, as a method for measuring the 
amount of water soluble resin that is dis- 
solved in the ink (resin that is not adsorbed 
to pigment) of this invention, a method to 
sediment the pigment component and resin 
component that is adsorbed to the pigment 
using such as a super centrifuge and meas- 
ure the amount of residual resin that is 
contained in supernatant liquid with TOC 
(Total Organic Carbon) or weight method (a 
method to evaporate the supernatant liquid 
and measure the amount of resin) is con- 
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veniently used. 

[0046] Then, as a hardening initiator that is 
used in this invention, such as photo initia- 
tors are used, for example. As the photo 
initiators, such as carbonyl compound, azo 
compound and organic peroxide, for exam- 
ple, are mentioned. One kind or two or more 
kinds of photo initiators are used, and both 
the photo initiator and sensitizer may be 
used. For the selection, combination and 
formulation ratio of photo initiator and 
sensitizer, they shall be appropriately 
selected depending on the ultraviolet light 
curing monomer to be used and apparatus to 
be used. 

[0047] Examples of the photo initiator are 
mainly as follows, they are acetophenone, 
2,2-diethoxy acetophenone, p-dimethyl 
amino acetophenone, p-dimethyl amino 
propiophenone, benzophenone, 2-chloro- 
benzophenone, p-p ' -dichloro-benzophenone, 
p,p'-bis diethyl amino-benzophenone, 
Michler's ketone, benzyl, benzoin, benzoin 
methyl ether, benzoin ethyl ether, benzoin 
isopropyl ether, benzoin-n-propyl ether, 
benzoin isobutyl ether, benzoin-n-butyl 
ether, benzyl dimethyl ketal, tetra methyl 
tiuram monosulfide, thioxanson, 2-chloro 
thioxanson, 2-methyl thioxanson, azobis- 
isobutylonitrile, benzoin peroxide, d-tert- 
butyl peroxide, , 1 -hydroxy cyclo hexyl 
phenyl ketone, 2-hydroxy-2-methyl-l- 
phenyl-l-on, l-(4-isopropyl phenyl)-2- 
hydroxy-2-2-methyl propane- 1 -on, methyl 
benzoyl formate. 

[0048] As the sensitizer, listed examples 
are such as; 

1. amine type: aliphatic amine, amine 
containing aromatic group, piperidine; 

2. urea: aryl type, o-tryl-thio-urea; 

3. sulfa compound: sodium diethyl- dithio- 
phosphate, soluble salt of aromatic sulfinic 
acid; 

4. nitrile compound; N,N-di-substituted-p- 
amino-benzo-nitrile; 

[0049] 



[Chemical formula 1] 

[0050] (In the formula, Rl and R2 show 
methyl or ethyl group, B (?) shows cya- 
noethyl group or chloroethyl group.) 
[0051] 5. Phosphorus compound: tri-n- 
butyl-phosphine, sodium diethyl dithio- 
phosphide, 

6. nitrogen compound: Michler's ketone, N- 
nitriso-hydroxyl-amine derivative, oxa- 
zolidine compound, tetra-hydro-l,3-oxazine 
compound, condensation of formaldehyde or 
acetaldehyde and diamine; 

7. chlorine compound: carbon tetrachloride, 
hexa-chloroethane; 

8. polymer amine which is a reaction 
product between epoxy resin and amine, tri- 
ethanol-amine-tri-acrylate. 

[0052] Amount of the photo initiator to be 
used in this invention is normally desired to 
be within a range of 0.1 to 5 weight percent. 
If it is less than 0.1 weight percent, harden- 
ing time is long and good film property is 
not obtained, and if it exceeds 5 weight 
percent, dissolving time is longer and it is 
not desirable. Furthermore it is preferably 
0. 1 to 2 weight percent and most preferably 
it should be 0.2 to 1 weight percent, and 
there is an advantage that curing time is fast 
and good film property is obtained within 
this range. 

[0053] The amount of sensitizer to be used 
is normally 0.1 to 5 weight percent and 
preferably it is desired to be within a range 
of 0.2 to 2 weight percent. 
[0054] Furthermore, the ink of this inven- 
tion may be added with such as surface 
active agent, anti-foaming agent and pre- 
servative as desired in order to make it to be 
the ink having desired properties, in addition 
to above described components. 
[0055] For example, as surface active 
agent, there are anion type surface active 
agents such as aliphatic acid salt, higher 
alcohol sulfuric acid ester salts, liquid fatty 
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oil sulfuric acid ester salts, and alkyl aryl 
sulfonic acid salts; and non-ion type surface 
active agents such as polyoxy-ethylene- 
alkyl-ethers, polyoxy-ethylene-alkyl-esters, 
and polyoxy-ethylene-solbitan-alkyl-esters; 
and one or more of these may be appropri- 
ately selected and used. The amount of 
usage varies depending on the dispersing 
agent, however, 0.01 to 5 weight percent is 
desirable to the total amount of ink. 
[0056] In this case, it is desired to decide 
the added amount of surface active agent so 
that the surface tension of ink is 30 dyne/cm 
or higher. Because having the surface 
tension of the ink less than this value causes 
undesirable conditions such as printing 
irregularity due to wetting of nozzle tip 
(variation of landing position of ink drop- 
lets). 

[0057] Above listed ultraviolet light curing 
type water insoluble monomer, aqueous 
pigment dispersion, photo initiator and 
additives are selected to satisfy desired 
properties. Also, for controlling viscosity, 
water or water soluble solvent is used. 
[0058] The ink of this invention does not 
require ink permeable printing medium. 
Therefore, minimum amount of addition of 
water soluble solvent is desirable in order to 
improve bubbling property, to prevent (ink) 
from sticking to nozzles, and to control 
viscosity. Highly volatile solvent is desir- 
able for the water soluble solvent to be used. 
Especially, regarding the low volatile water 
soluble solvent, it should be avoided as 
much as possible because it interferes the 
curing of ultraviolet light. 
[0059] The inkjet printing method using the 
ink of this invention is an inkjet printing 
method that forms printed images on print- 
ing media that do not have ink permeability 
by applying at least more than one color ink 
from a printing head that is equipped with 
multiple ink expelling orifices, and it is 
characterized by having; the first process 
that cleans the surface of the said printing 



medium, the second process that makes ink 
droplets fly from expelling orifices of the 
said printing head according to the image 
printing signal and the ink droplets are 
applied to the designated position of the said 
printing medium to form a printed image, 
and the third process that hardens the ink 
that has been applied on the said printing 
medium. 

[0060] Furthermore in the inkjet printing 
method of this invention, the second process 
is preferably conducted with bubble jet 
printing method. As the desirable method 
and device that conducts printing using the 
ink of this invention, there are a method and 
a device that apply thermal energy corre- 
sponding to printing signal to the ink in a 
chamber of printing head, and generate 
droplets by the thermal energy. 
[0061] An example of constitution of head 
which is the major component of the device 
is shown in Figure 1, Figure 2 and Figure 3. 
Head 13 is obtained by tightly contacting 
glass that has a groove 14 for sending ink, 
ceramic or plastics plate, and thermal head 
15 that is used for thermal printing (although 
a head is shown in the Figure, it is not 
limited within this). The thermal head 15 
comprises protective film 16 that is formed 
with such as silicone oxide, aluminum 
electrodes 17-1 and 17-2, thermal resister 
layer 18 that is formed with such as 
nichrome, thermal accumulator layer 19, and 
substrate 20 made of alumina with good heat 
dissipation. 

[0062] Ink 21 reaches to the expelling 
orifice (fine hole) 22 and forms a meniscus 
23 by a pressure that is not shown in the 
drawing. When an electric signal is applied 
to the electrode 17-1 and 17-2, a region 
shown by n of the thermal head 1 5 rapidly 
generates heat and bubbles are generated in 
the ink 21 that is contacting with this, the 
meniscus 23 protrudes by the pressure, the 
ink 21 is expelled, it turns into printing 
droplets 24 by the orifice 22, and they fly 
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toward printing medium 25. 
[0063J Figure 3 shows outside view 
drawing of a multi-head that comprises lined 
multiple heads shown in Figure 1 . This 
multi-head is made by contacting tightly a 
glass plate 27 having multiple grooves 26 
and a thermal head 28 that is similar to the 
one that is described in Figure 1 . Further- 
more, Figure 1 is a cross sectional drawing 
along the ink passage of the head 13, and 
Figure 2 is a cutoff section of Figure 1 along 
lineA-B. 

[0064] Figure 4 shows one example of an 
inkjet printing device equipped with this 
head. In Figure 4, 61 is a blade as a wiping 
material, and one end of it is held with a 
blade holding section to be a fixed end 
which forms a cantilever shape. The blade 
61 is located adjacent position to the print- 
ing region. 

[0065] Also, in case of this application 
example, it is held in protruding form in the 
moving pass of the printing head. 62 is a cap 
and installed in a home position adjacent to 
blade 61, it moves to vertical direction in 
relation to the moving direction of the 
printing head and contacts the surface of the 
expelling holes and it is provided with a 
structure which does capping. Furthermore, 
63 is an ink absorbent installed adjacent to 
the blade 61 , it is held in protruding form in 
the moving pass of the printing head as the 
blade 61. Above said blade 61, cap 62 and 
ink absorbent 63 constitute the discharge 
recovery section 64 and water and dust on 
the hole of the orifice are removed by the 
blade 61 and ink absorbent 63. 
[0066] 65 has a mean to generate expelling 
energy and it is a printing head which prints 
by expelling ink to the printing medium 
opposed to the surface of the orifice with 
expelling holes, 66 is a carriage on which 
the printing head 65 is mounted in order to 
move printing head 65. Carriage 66 is 
connected to a guiding shaft 67 while being 
able to slide freely and a part of the carriage 



66 is connected to a belt 69 (Not shown in 
the drawing) which is driven by a motor 68. 
This enables carriage 66 to move along the 
guiding shaft 67 and moving of printing area 
and its adjacent area by the printing head 65 
becomes available. 

[0067] 51 is a paper feed section to insert 
printing medium, 52 is a paper feed roller 
driven by a motor which is not shown in the 
drawing. By this structure, printed medium 
is supplied to a position opposing to the 
surface of expelling holes of the printing 
head and the paper is ejected to the paper 
ejecting section equipped with a paper 
ejecting roller 53 as printing proceeds. 
[0068] In the structure mentioned above, 
when printing head 65 returns to a home 
position when printing is complete, for 
example, the cap 62 of head discovery 
section of 64 retreats from the moving pass 
of the printing head 65, however, blade 61 
protrudes in the moving pass. As a result, 
the surface of the expelling orifice of the 
printing head 65 is wiped. When cap 62 
applies capping by touching the surface of 
the expelling orifice, the cap 62 moves as 
protruding into the moving pass of the 
printing head. 

[0069] When the printing head moves from 
home position to printing start position, the 
cap 62 and the blade 61 are positioned at the 
same position of wiping as mentioned 
above. As a result, the surface of the 
expelling hole of the printing head 65 is 
wiped during the move. 
[0070] Above mentioned printing head 
moves to the home position not only at the 
completion of the printing or the restart of 
expelling but it moves to the home position 
adjacent to the printing area at a certain 
interval during the head moves printing area 
for printing and above mentioned wiping is 
performed according this move. 
[0071] Figure 5 is a example of ink car- 
tridge which has an ink supplying member 
which stores the ink supplied to the head 
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through a tube. Here, 40 is an ink storing 
section which stores ink for supply, an ink 
bag, for example and a rubber plug. 42 is 
provide at the tip. By inserting a needle to 
the plug 42 (not shown in the drawing), the 
ink in ink storing bag 40 can be supplied to 
the head. 44 is an ink absorbent which 
receives waste ink. For ink storage section, 
it is preferable that contacting surface with 
the ink is formed of polyolefin, especially 
polyethylene for this invention. 
[0072] As the inkjet printer used in this 
invention, it is not limited to the type 
wherein the head and ink cartridge are 
independent as mentioned above but a type 
wherein they are made in one piece is used 
conveniently, as well as shown in Figure 6. 
[0073] In Figure 6, 70 is a printing unit and 
ink storing section which stores ink, for 
example it is structured so that the ink 
absorbent is housed and the ink in this ink 
absorbent is expelled in form of ink droplet 
through the head 71 which has multiple 
orifices. As material of ink absorbent, using 
polyurethane is preferable for this invention. 
[0074] 72 is a venting hole to ventilate the 
inside of the printing unit. This venting unit 
70 is used in substitute for the printing head 
shown in Figure 4, and it is freely lifted 
from carriage 66. 
[0075] 

[Application Example] Following is the 
concrete explanation by referring to the 
application example of this invention. 
[0076] Application Example 1 
Ink was mixed with the following composi- 
tion. As pigment, four colors were used and 
ink of several color was prepared. 
[0077] 

Mixing of ink (weight percent) 

Ultra violet curing type monomer (*1) 7.3% 



Photo initiator (*2) 0.4% 
Aqueous pigment dispersant (pigment/water 
soluble resin/water) (*3) 36.4% 
Surfactant (*4) 3.6% 
Water soluble solvent (*5) 1 6.0% 

Water 36.4% 



[0078] (Note) 

*1 : A-TMPT (made by Shin Nakamura 

Kagaku Co.) 

[0079] 

[Chemical formula 2] 

O 
II 

CH a O - R — C - CH ~ CH 2 

/ II 

CH 3 - CH 2 - C - CH a O — R — C — CH = CH 2 

\ II 

CH2O-R-C -CH^CH, 

( R = CH 2 CH 2 0 ) 
[0080] *2 : Ilga Cure 65 1 (made by Ciba 
Geigy Co.) 

(T ranslator 's note:spelling of Ilga is not con- 
firmed) 
[0081] 

[Chemical formula 3] 



O OCH3 




0CH3 



[0082] *3 : Four colors of yellow (solid 
content of pigment 6 %), magenta (solid content 
of pigment 6 %), cyan (solid content of pigment 
6 %) and black (solid content of pigment 6 %) 
Water soluble resin : styrene-acrylic acid 
copolymer 

Pigment/water soluble resin/watei= 10/3/1 3.7 
(weight portion) 

*4 : inogen ET 150E (Daiichi Kogyo Seiyaku 

Co. Ltd. made) 1 0 % aq. 

*5 : IPA/NMP=5/1 (weight portion) 

IPA : isopropyl alcohol 

NMP : N-methyl-2-pyrrolidone 

[0083] First, 2.4 g IPA was added to 2 g 

ultra violet curing type monomer (A-TMPT- 

3EO) and the mixture was stirred for about 

15 minutes. Then, 0.1 g photo initiator (Ilga 

Cure 65 1) was added and the mixture was 

stirred for 15 minutes. (This is Solution A) 

Then, lOg pigment ink (pigment/water 

soluble resin/water) was added with lg 

surfactant (Inogen, 1 0 % aq.) and stirred for 

about 15 minutes (This is Solution B) 

Solution A and solution B were mixed and 
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added with lOg NMP and 2g water and it 
was stirred for about 30 minutes and made 
into ultra violet curing ink. 
[0084] At first, yellow ink of this composi- 
tion was used. Yellow ink was used to print 
letters on the printing medium by an inkjet 
printer as shown in Figure 7 and ultra violet 
radiation was applied on the printed letter 
after the printing. The intensity of ultra 
violet radiation was 10 J. At this point, the 
yellow ink was cured to the hardness which 
was recognized by finger. 
[0085] Next, magenta ink of this composi- 
tion was used to print letters so that it is 
partially layered to the printed letter by the 
yellow ink. After the printing, ultra violet 
radiation was applied and the hardening of 
magenta ink was confirmed. Cyan and 
black ink were printed similarly and applied 
with ultraviolet radiation. In this application 
example, acrylic and polycarbonate were 
used as printing medium. 
[0086] Layered part with inks were exam- 
ined by using a optical microscope and no 
trace of smudging was found and the level 
of letter printing was good. Also adhesion 
with the printing medium was good and the 
ink did not come off from rubbing and 
especially it did not come off from rubbing 
while being wet with water. 
[0087] Furthermore, color fade was not 
observed by ultraviolet radiation. Ultravio- 
let radiation was applied after printing each 
color. When each color was completely 
cured (intensity of ultraviolet radiation: 10 J) 
before printing the next color or surface was 
cured (intensity of ultraviolet radiatiomless 
than 1 J)before printing the next color, no 
smudging was seen in neither case and the 
formation of good color image was possible. 
[0088] Application Example 2 
Ink was mixed with the following composi- 
tion. As pigment, four colors were used and 
ink of several color was prepared. 
[0089] Mixing of ink (weight percent) 
Ultra violet curing type monomer (* 1 ) 7.3% 



Photo initiator (*2) 0.4% 
Aqueous pigment dispersant (pigment/water 

soluble resin/water) (*3) 36.4% 

Surfactant (*4) 3.6% 

Water soluble solvent (*5) ] 6.0% 

Water 36.4% 
[0090] (Note) 



*1 : A-BPE-10 (made by Shin Nakamura 

Kagaku Co.) 

[0091] 

[Chemical formula 4] 

H,C=CHC - (OCaCHO. "°^O)~C-{o)-0- (CH^CHiO). -CCH=CHa 
O CH a . O 

[0092] *2 : Ilga Cure 651 (made by Ciba 

Geigy) 

[0093] 

[Chemical formula 5] 



O OCHa 




OCHa 



[0094] *3 : Four colors of yellow (solid 
content of pigment 6 %), magenta (solid content 
of pigment 6 %), cyan (solid content of pigment 
6 %) and black (solid content of pigment 6 %) 
Water soluble resin : styrene-acrylic acid 
copolymer 

Pigment/water soluble resin/water=l 0/3/13.7 
(weight proportion) 

*4 : inogen ET 150E (Daiichi Kogyo Seiyaku 
Co. Ltd. made) 1 0 % aq. 
*5 : IPA/NMP=5/1 (weight portion) 
[0095] First, 2 g ultra violet curing type 
monomer (A-BPE-10) was added with 10 g 
NMP and the mixture was stirred for about 
15 minutes. Then, 2.4 g IPA and 0.1 g photo 
initiator (Ilga Cure 65 1) were added and the 
mixture was stirred for 15 minutes. (This is 
Solution A) 

Then, lOg pigment ink (pigment/water 
soluble resin/water) was added with 1 g 
surfactant (Inogen, 10 % aq.) and stirred for 
about 15 minutes (This is Solution B) 
Solution A and solution B were mixed and 
added with 2g water and it was stirred for 
about 30 minutes and made into ultra violet 
curing ink. 

[0096] The method to print letters by the 



(13) 



Patent Publication Hei 8-218017 



ink was performed as same as the applica- 
tion example 1. Printing letters was tried on 
acrylic and polycarbonate and the printing 
level was good. Also, adhesion between the 
printing medium and printed letters were 
good and it did not come off by rubbing, 
especially it did not come off even it was 
rubbed when wet with water. 
[0097] 

[Effect of the invention] As described 
above, following effects are provided with 
this invention. 

(1) It enables the image formation on the 
substrates that has not absorbency of ink. 

(2) It enables formation of color images 
with good letter printing capability because 
smudging between inks would not occur. 

(3) The ink that provide printed images 
which are excellent in water resistance, light 
resistance, abrasion resistance and especially 
abrasion resistance when it is wet, can be 
obtained. 

[Brief explanation of drawings] 
[Figure 1] This is a transversal cross 
sectional drawing of a head section of inkjet 
printing device. 

[Figure 2] This is a longitudinal cross 
sectional drawing of a head section of inkjet 
printing device. 

[Figure 3] This is an oblique view appear- 
ance drawing of a head with multiplied 
heads of Figure 1 and Figure 2. 
[Figure 4] This is an oblique view draw- 
ing showing one example of inkjet printing 
device. 

[Figure 5] This is a vertical cross sectional 
drawing of an ink cartridge. 
[Figure 6] This is an oblique view draw- 
ing of a printing unit. 

[Figure 7] This is an oblique view draw- 
ing showing another example of inkjet 
printing device. 
[Explanation of numbers] 



1 : ink tank 

2: inkjet printing head 

3: inkjet printing device 

13: head 

14: groove 

15: thermal head 

16: protective film 

17-1, 17-2: aluminum electrode 

18: thermal resister layer 

19: thermal accumulator layer 

20: substrate 

21: ink 

22: jet orifice 

23: meniscus 

24: printing droplets 

25: printing medium 

26: multi-grooves 

27: glass plate 

28: thermal head 

40: ink storage section 

42: plug 

44: ink absorbent 
45: ink cartridge 
5 1 : paper feed section 
52: paper feed roller 
53: paper eject roller 
61: blade 
62: cap 

63: ink absorbent 

64: discharge recovery section 

65: printing head 

66: carriage 

70: printing unit 

71: head section 

72: venting hole 

73: substrate 



Translated by: Sayuki Sugimura, 651-490-0233, 
ssugimura@pipeline.com, April 17, 2002 
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\/>ifVzi-)l>m<Di$ i )7)l3U>>fi)zi-)},m; x^ 
U>tfV3-fa yafcrw>^Un-;k ttUW) 
n-jk h'Jx5 1 l/>y , J3-;k l, 2, 
>KU:*-;k Wy^U3-;k ^yl/>^U3- 
Jk > ? X5 1 W>^U3-;^07^l/>S^2-6<E3 

[0 0 2 2] ^UtU>:Xfl/>y # 'j3-j^y^f 
;i/ (Xtex^;w x-x;k ^x^u>^»j3--;k*^ 
;i/ (xttx^M x— 5rJk MJx^u^gn-;^ 
/^^)V (X\tx^)V) x.— : r)l>i$f(D&V7 )\sZi-)\,<D 
i&«L7)l^r)Vx-7-)im: N-^^;w-2-hrnu H ; 

X 1, 3-y7^-2-f^'/iJyyx 2-fcf 

[0 0 2 3] h>tt*tt*fflOJM»:fl|t LTtt, 

7irhX 7irhxhU;k N, N-v*^l/*;kk7 
(DMF) . V*?)V7,)\,y**^V (DMSO) 

[0 0 2 4] Hie. i£ffl<Z>£5S$£#S&I;:fcL 
HB7^n-;k x^y-MIMVT'D^ 
7;Pn 3 as*«±8sftrr £ c i*t»*«re* 

[0025] mz % s:ne0B»©»**UTHu 

[0026] ±E©#**ttty v-s**-ra»»o 
ttffliimstttyv-i 0 omaeKic^bra^i 

~5 0afiffi<&«H**S*U>. lSfig8*^-C(ifiSjK 
tz. »*L<tt**j6tt*yv-iooa*«k:»LT 

5-3 0Sgg?T?&D, S6JC»*L<ttl 0-2 5S 

JRfK **tt*MB. *, 7 5>**SfcS*tt«ft$HK 
[0 0 2 7] *«WTttffiT**»iLTMU fiE*£*0 



4) WBB¥8-2 18 0 17 

^yi/>s^yi/>BR > 7>n^^/>m 

W ®&T*oTfc*&i48fI§ (^flttflB) > 73 X 

[0 0 2 8] *«9lO-f >irfc«»*»B[a*saWc* 
WStl^TKSft^lg GHRttfi) Ht, 75>*tttt*« 

0 0*6 3 0 0 0 0CD(BHOfc©**«HS*l^. 
#£L<teffifi¥J$#^ g at5 0 0 0*6 1 5 0 0 0<D 
«BT**fe0*i«fc^. MAtt, X5 1 lx>-7^UJHS 

5 1 P > - >R - 7 * U JUt7 Jl^JIOCX T-^fi 

^*yj«-7^o;Hi7/u*;irxxT-;wta&<*, x 
7^u>-7^u;i/K*a^ kfxji.±y^i/>-v 
>KA-7xxf;^i§ft*5^ii ^n^(oa§$ 

[0029] ±m<Dmte*m&ism<Dmm¥m#?m<D 

0 mttmthxitJ m*o^mimi*>n*ifi. gpc 

5X-y3>^D7h^77>fH 

[0 0 3 0] SIC. #*L<tt. -f 

>*£*W«f«ttXtt7/l'* iJtt£HS£*rCfr*« d t 

> [0 0 3 1] X, *3BM©*tt«E«:fcl5^Tffl^6n* 
pHBfiatLTIt ^JAtf, yX^/-Jl/7$k h 
yx^y~j|,75>«©#li**75>^ *B6ffc^h 

[0 0 3 2] J£U:0)*D< LT, 

1 ft<, <^>^»* «<^>*) £ffifflTS<&a<»* 
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(5) 



18 0 17 



S 



1~6 0SS%. $?£L<I42 0~5 0gg%©«5fflat 

[0 0 3 3] HRK-f^J^iy hffl-f >^CK#Sn 
a£tgtLTI4. -f >:*©«;&. aSBSS^RtfpHS?© 

14. cn6(0*tt&«ELTl»Tt»'f>^©5Ha*«^F* 
jrt?*a8£-#£<i&ofc. 
[0 0 3 4] *£T*5M8*&tt. *&§f£H T?J» 

SW^LfcfctfL 'f>*<f'fc8*LT«r>**»tttMg© 

ft£'f>^±sg©2afi%KT, jf*u<(4ias% 

#ft-fat. ?8l£&fii#±IC$V>Tfilr£©&X*;P*- 

©J»K ± t> r c n 6 ©&£ l©**ttMW#qq*tt t a 0 

9l*iBJ:riIHt&oTt»fc. 
[0 0 3 5] CCTjg#LT^a*Jgtt8tJltl4, -f> 

fts&s-rio©^**. ^>*ffr3^ic8»t*«S: 

8JJg©Jt4S£SSJfT?3 : 1~3 0 : 1, Jf*L<l4l * 



* 0 : 3 ~ 3 0 : 1 ©KSffllCSSig-f a C tT&a. 

[0036] sic. #imei'p<Dmftt?k®&m'i<D&& 

14. fifiglpTl OXJ&LL. *f£L<l4l 0~3 OSIT 
^Ct^SSlK -^©SStLTte, 

T£a. 

[0 0 3 7] *feBJ©*Stt®^»»#:©IBS^fetL, 
TI4. fitftlc. *Btt$Ig (^ffiWB) . 73 >. * 

©#*HflC#Ujl?;M**UU-h#©±ET¥tf& 
[0 0 3 8] t0 to It, -f >^«fCS»bTV>**«tt 

ttig (mmzzmmomm) ©fi£2 2sxenF»cTa 

&IC14, fpJ*3EFftC*V»T. ttUl. 73>&tf*£-&tr 
**§}8:£6 OtK±. 3#|8«J2ffi#LT8fIB£^J&SS 

20 [0 0 3 9] X. «rffi««ffd««7S>»«^ttttai 

UttttSft© 1 . 2 fttUttMrr 5 C ttfJ&g-C &5. 
C ©7 5 >*a W4&3©SI4erF©5£lC«fco T:£i6 5 
tl*. 

[0040] 

[»13 



8M§©K«x7S>©$HPfix«Mffi (g) 



75>©fi (g) 



[0041] sic, mm*^t!im®&%wm-r*m 30 

IC. yP5*-»yS3 0»lfflK±ff5Ctt>XiSJ®r 
*a. C©7>3*-»:?&fm, ffi»^H©antt& 

[0 0 4 2] »ft«C«ma*l*7S>SlfcLTtt. * 

/x^y-jkrsx vx^y-jkrsx h'jx^y 
-Jk73 >. 7S/*5Mk/n/V-Jk 7> ; ex7tf 
©^73>*{»SlxH. 

[0 0 4 3] *5SWlCfliffl-ta#8Mat4, HRIC 

®.mzn%ftmm-v$>m& toftfr&wvbSkW* 40 

MA 14. #-;k5.)k D— ;k5;k -0->FS/l4ft0miff 

^Jxl4. X-/1-SJk •y->H^7-f >^-, H-X3 
Jk 7vT~*SJk ^U>3Jk y-</-3;k 

a. 

[0 0 4 4] *«^lC*3ViT. BfaOtt*»***"r« 
SftSr'fSa^tttLTtt, #»«©»»;< 5^ 7©-iM 
< fa £ t. »^^x-<7©?Sffl$S^#<-r 

act. xja3i«fm&fi<raj:t. tttasssiK-r 50 



5 6000 

act, ©ft&ic 7 -< ;k*— WSii#tt«$T#jft-rs 
ct^©^a*tfflne,na^. cnefflfMSsja-a-toi* 

[004 5] ft. #»9!«ca^a'f>^«t»lCj8Wl/TV> 

a*^i±«jjii©fi (M8£*a*©MB) *«jrr*^r 

*£ t LTI4. iB3S^«r«<S*ffl^Ta»^ t«»fc« 

mfttitgam&TOC (To t a l Organic C 
a r bon. Sffiit (±B*-£j8s52 

a. 

[0 0 4 6] &IC. *«WlC*t»Tfflt»6naH#fl:BB 

»JtL,TI4. «»JAI4. *JP*=;Wt^*. 7Vit&%, 
^tSiSK^Jit^lfetia. 6gfflatl/TI4, 3tBB 
»»t-Mt fttt=i«a±«JB U ^HteSiJt«g5 

S3t. ffi^to-a-&r;E^H:ICB8LTI4. ^fflfaS?^ 



[0 0 4 7] ^M«iSiJ©±^t)©tUT. «s]A!47irK 
7x/>. 2, 2-->*Xh*x7-feh7x/>. p-v? 
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( 

9 

*?;u7^/7ir h7x/x p -^^ra /^n 

/>, p, p' -y^DD^>77x/>, p, p' - 

^fy^;i/x-Tjk *c>*Af >- n - y^^x-x 

^nxMJJk ^>V^f WV-^+iM h\ v- t e r 
~»U7x.-)],irh>. 2-kHD+y-2-^fjl/-l 

-7x-ji/-i-tx i - (4 — ryynt:;i/7j:x 

[0 0 4 8] ««aBtLTI4 

1. 75 >S :JBI»#E75X 55#ft££^tr75>, 

3. ^ftWfc^ : t h'J^AyX^5 : «X7x 

4. nhUJU*ft^ft:N, N-;xH»- p-75/^ 
[0 04 9] 

Mtl] 

[0 0 5 0] (SC*. R: . R, tt^^S*fcttX5=- 
ir. ) 

[0 0 5 1] 5. UVflAt^iJ-n-^A^X? 
-r >. h U £ A ^x^b??-:*-** 7 - H 

6. : 5 t5— !rhX N-xMJ VfcFD 
*->;t/7S>SS$#. 'J 5>>fcfc*. fh5t 

7 . &&fb&0J : BMMJBR. 'v**** DDI^> 

8. Xtf*iy®mt7$><D£fc!!jif8,&0&ft?it7S. 

salens. 

[0052] $f8§/lf;::fe^Tffiffl3tt*ttK!&&j©&^ 

fi«. il^O. l~5fiS%©jSHj)tS£U>. 0. 1 
e>tl1*, 5Sfi5K£8*5i:®&|$Rfl,itg<fc.*,CDTJj 
HJfSlXIJO. 2~lSfi%TfcO. C©«SHTIJ® 



( g ) 4$0fl¥8-2 18 0 17 

iO 

[o o 5 3] ®m#i<D&mi&\^ auto, l-sms 

%. jfSKIiO. 2~2ffifiXCD«|B*<a*LU. 
[0 0 5 4] X. #fg 93 ±|B(Oe£^©a 

[0 0 5 5] ftSiSteSfliUTf*. Sg&fiSJt 

jo xx7-;Mfif& 7JW*^7'j;Px;i/*>Kffis^©ia'f 
ftiraeftaw&o. rne©iaxi*2a«±&jsi: 

«tOS*-5*t. -r>^±filc»LTO. 0 1~5SS5g 

[0 0 5 6] d©&. -f^fflgISM3 0dyne 
/cm«±^&S^3lw|fBBett»]©^Dng£ft«-rs 

^t«. /x;^^©isnic<i;s^±n (^>^«© 
*#Ae>xi') «©#£L<&v>»8g£3i!re;r-ra>e. 

[0057] ^jij^Lfc^isaftai^stt^/T 

-> *M&*iJ, ttUJHtt. 9fS©4$tt 

[0 0 5 8] *IS9i©-f >?« v &iesM*©-f >?gs 

T**£tt83Jfc#Btt©&<<>S^©;*ata£U>. 
[0 0 5 9] ^fglJi©^ >ir^mmbft-i>if>>xy h 

•5m 1 <Z>xmtWlEm&t<\y H©qtffiD«fc OBftgBfiHg 
^tC^L^T-f >^j«&fft^$-a-, 8JJSttiH»»©3f^fir 

BfC-f >^iB£##l / Tl5®E«SJgfi£-r-5m 2 ©Ig 

3 ©Ig t £ C t fT-5. 
[0 0 6 0] £lC*^Bj©-f >^i? x . y hEgtf/fc-c 

? ©Oi'JCEWa^JcWJtiL&JRx*;^-*^*. tt 
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11 

[0 0 6 1] *0>£B<&±g«T*SAy H«!JS«*H 

i, m2Rzfm3iz7*T, Ay hi 3«-f >#*m-rm 
ts m®&mzm\,*e>tiz>ftm'\y hi s asraiAy 

[0 0 6 2] -f>^2 lUtttBt'J7^X (WHU 2 

*LTH*. 4*, 1I17-L 17-2 

i0fc>5<h* SSS&Ay H 1 5<Z>m?San«««*%*lc 

U *'j7^X2 2±DE»/h*24tftO, «E»# 
[0 0 6 3] 0 3 iCttH 1 IC^cTa y H ££&MA;tT 

2 6£WT*;tfyX«2 7t, H 1 fcRWLfcfettiH 
H2 8*«#UT»fP**i-6. Nh 01 
ft, -f >^i*BIC»o*:'Sy HI 3O»HfHT*0, 0 

2 tt0 1 <0 A - B«T©«MfflTC**. 

[0 0 6 4] B4£. **5AyH*ll*MfcV>ir 

y x v ha»ms(o i 0 4 c&v»t. 6 1 a 

7^tr>^eg$j^LT^^u-HT*D, 

i/-Hft»«*fic±-DTis»anTHjaBiao* 

^W*-©JBS8*rfcT. :7V- H 6 1 ttEfiAy HCJ: 
[0 0 6 5] X, *ff0«£. EftAy H©#»g&* 
H 6 1 fc»OT**-A#5?$/ a >fcE«StU- 

Eft Ay H^ft^fRjtaB&^iBjfc^KLTtttaaffi 

3 tt^ I/- H 6 1 icBaLTERSn** >«W 
»D, yu-H6 1tH«, EftAyH^SMSK+iC 
affll/fc»*T«»*n*. ±E^P-H6 1, **y 
^6 2, <f >£K«#6 3lC«fcoTttffl0«ffl6 4*t#| 
^$n, 7U-H6 12ttM >^KiRfl5:63«C±oT-f 

[0 0 6 6] 6 5tttttBx*^-«*¥a*«"L. tt 
mP*ELfcttfflaiB»C»^-r**^»C-f >ir*tt' 
tBtTE»*ff'5E«Ay HTfcD, 6 6«CO|S®a 
y H6 5£»*LTE«Ay H6 5 (D&m&fto&O)* 
t'Jy^i, tt'Jy y6 6tl*H Htt6 7 t&® 
~Zim\Z%GL. +tUr>*6 6©-«ttqE-^6 8 (I J; 
■DTK»£naA^h6 9£«tt PFStk) LTH*. 



7) »B¥8-2 1 8 0 17 

12 

^ftCCiO+irUy v6 6I*2H HM6 7lc»oT»» 
flfiMBtftD, EftAy H6 5lc,fc*Eft««fttf-rC!> 

[0 0 6 7] 5 1 ttttE»tt6»A-r-5»<0|&tt«T* 
0, 5 2li^H^O : e-^IC<tOKi(ian-5jffi3IDn- 

t**ifij-rsteB^*E»a^i&jH$n, BftamfT-r* 

[0 0 6 8] ±EO*JESJC*ViT. Eft Ay H 6 StfiKL 
10 8K7^-A*yy3>i:l5IS> Ay HlslttfflS6 
4©*^yy6 2ttE*Ay H6 5©»tt«»^6iBa 
LTt>**«, ^P-H6 1 tSetULT^ 
-5. IBftAy H6 5(D(±ffiPBS#t»7^ 

ft, *f^6 2*tEftAy H6 5(D1±mmz 
S*LT*iryK>ir*ff5«*, y :/6 2teEg* 

Ay Ho^ttsnfi^ffi-rdftic^n-rd. 

[0 0 6 9] Eft Ay H6 5*t*-AsR^ 3 >*>SE 
ft&HS&&HAf£girt*«<g\ **y:/6 2»tf:/V«-H 
6 111 ±Eb&«7-f K>y«rOffiKtra-ofl[Bt* 

0 *o C«)»»fc43tiTt>, EftAy H6 50 

[0 0 7 0] ±8H©iegAy FW-A*y5/ 3 >MO 
fMktt. E**7^tttB0Wtf*OTa< % EftA 

y H^fta>»{cEftfi«£»nr«mic^omRrc 

[0 0 7 1] B5H Ay Hfc*f «A 

^*-HUy^©-W**rHT*S. uCT4 0lift 

TifetK *0**fc:ttrfAJ|fl(>tt4 23&tR»6*lT^ 
So ;rtf>&4 2lc£f frH*) fcJM/rscilcfcD, 
^^840^^^^ H 6 L* 

4 4ttK-f >^ta«rs<>^|RJR#:T**. -f 

[0 0 7 2] *»9i"C*EfflSftS-f vxy f>Eft£ 
RiLTtt, ±E©tt#Ay Ft<f>9ij-bVy&t 

[0 0 7 3] BI6»Cfi^T, 7 0ttE»3.Xy HTfto 

** W »*«S©*U 7^ X6t«Ay H«7 1 

[0 0 7 4] 7 2(1 Eft^-Xy hMS«*AICX9S 
^S^CO^ri^iiPT^^o COEftiXy H7 0tl 
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(8) 



13 



14 



m 4 -c^-rs&'sy FicttxTfflUbn^feffltSo 

T. 'J •;/->* 6 6IIttI^BN&g£EI::fcoT^5. 
[0 0 7 5] 

-rs. * 
4>t>< D%im (fflstt) 

(* l) 

ftBH&aj (* 2) 

m%mi (*4) 

' *Sffi8#J (*5) 

TfC 

[0 0 7 8] (S) 

* 1 : A-TMPT (SftfWt^ttSJ) 



* [0076] %mmi 

T52K>*aj&T-f > ? £S3SI Lit. 
TZ&O'Of&ftf&Ltz. 
[0 0 7 7] 



8- 2 l 8 0 l 7 



(*3) 



7. 3% 
0. 4% 

36.4% 
3. 696 

l 6. 0% 
36. 4% 



* [0079] 
lit 2] 
0 



CH a O - R — C - CH = CH 2 

/ 0 
/ II 

CHs - CH 2 - C - CH 2 0 — R — C — CH = CH 2 

\ 0 
\ II 

CHjO - R - C - CH = CHj 



[0 0 8 0] * 2 : -f M+a7 6 5 l (^-Atf-f*- 
[0 0 8 l] 

Wfc3] 

o oca 

<o>-*-i-<o> 

OCH, 

[0 0 8 2] * 3 : -r xn- (mm@mft6%) , -71? 
mm/7M§&mm/'x= 10/3/13. 7 <sa 

it) 

*4 : /i*y>ETl 5 0E m-XM^m^W 10 
% a q. 

*5 : IPA/NMP=5/1 (fifitfc) 
I PA : -i VJu\L)\,7)\>^-)\, 
NMP : N-*5\)l'-2-lfny H> 

[0083] s-r. tenmrnm^/-?- (a-tmp 

T-3EO) 2gl:i PA 2. 4 gSMA. *5 1 5»W 
ifi#£fTtjfc. Se.KftBB&S'J WJWa76 5 1) 
0. 1 gfcgsiDLl Sftm®WZfTr>rz.. (jgfSAfT 



( R = CaCHsO ) 

SlfttSi] (/'fy>, 1 OXaq. ) £1 g8sinL*>Jl 

^}SAi:^«tBSji'&U SSfcNMPlOg. *2g 

tz. 

30 [0084] f^HZC<D-(>i;fS.^.O'ixa—i>{/'& 
m^1t. -f xd— f >i7$07lr^TJ:-5^-f >^vx 

[00 8 5] £<D'(>!7mi&V)-?-\i>i?-i>!?£ 
•1- XD-- <> ^©^ffiic-gKS^-SJ; -5 IcHl^^fTo 

[0 0 8 6] tt¥®S&8rc-f >*©Sft-5$6#£g&L 

[0 0 8 7] 5SlC^«IS8Stlcd;-5feOjget)KS$n 

ts-fr-otz. mn-mmmz. &&w^'&\zm%t*?ir>tz 
so i o j) &ro&£fl]:?L,Tfc. $.tz\mm*mt& j £x 
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(9) &PW8-218017 
15 16 

J&AfpJfsETi&^it. [0 0 8 9] 

[0 0 8 8] unisex * 

-r>^co^ (gait) 
^n^bstyv- (* i) 

KM®m (* 2) 

(®ft/*i§£8?Ii/*) (*3) 
ftwm&M (*4) 

*i§£J§?PJ (*5) 

* [0 0 9 1] 



7. 3% 
0. 4% 

3 6.4% 
3. 6% 

16.0% 
36. 4% 



[0 0 9 0] (ft) 
*1 :A-BPE-10 (3r<p*Mb34tK) 



* Wt4] 

CH3 
I 



H 2 C=CHC - (OCfLCH*)., -O-^^-C-^^-O-CCHzCHzO)™ -CCH=CH 2 
O CH 3 O 



[0 0 9 2] * 2 : -fW*a76 5 1 (gVttf-f*- # 

ass) 

[0 0 9 3] 

Mb 5] 

O OCHt, 
OCH3 

[0 0 9 4] *3 :-fin- 6 %) , V-t? 

(M^@^6%) . ->t> (mmmm»6%) 30 

*J§&lSfJ!g : X3 1 U > - 7 * D »Bfefcfi£# 
gjft/*JS£8rilif/*= 1 0/3/1 3. 7 (Sfi 
fc) 

*4 : y-fy>ETi 5 oe (m-iigsa^tfcK) 10 

%a q. 

* 5 : I P A/NM P = 5 / 1 (MffiJt) 
[0 0 9 5] S?*1-SlBS<b$HE/-7- (A-BPE 

-10) 2 gCNMP 1 OgSMiHl 5#HJji#£fT 
o&. $e.lCIPA2. 4g, ftBB&flJ WJW*a7 40 
6 5 1)0. 1 g ZmtQ L 1 5 #|8]Jji#£fT ofc. G§ 
jSAt-TS) 

W&'&M (/-fy>. 1 0%aq. ) £1 gSsftJUSjl 
5#8i#£fTt>;rc. (giSBfrs) 
)8?8tAfciat£B£fg£U £S1;:*2 gfcgslmU &3 

[0096] 4>?<Dfflttmz> mmmitmmzfi 



( n + m = 10 ) 
*IC&^LfcttS8T? (SATO) utoTfcll^ri: 
[0 0 9 7] 

mwo>®m &±m.wv*L£oiz. *&w\z£n.& 
[0sofsm&i«w] 

[01] -r>:7vxi/M2SiK®©^i/Hffl©^»fiSia 

[02] -f^ir^xsrMraBM©^? Fg|5©&l{fri50 

[03] 01Rt;02lC^Lfc^-> KSTJWfcLfcA 
H©^®^g0T*5. 
[04] 1->^x*hE®iSH©-0J£^-&«i0-C 

[0 5] -<>^*-hUu/v©lS»rM0-C»S. 

[06] K©£Hfi0-C;&S. 

[07] -f >irvx^hl2SKS©te©«»J^-r^«0 

[fiF^©IK?g] 
1 

2 -f >^-/iy h-S2& / v> H 

3 OJyi-; 
l 3 ^-^ H 
14 m 
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17 

1 5 Mb^y K 

1 6 mm 

17-1, 17-2 7;i^~£A«ffi 

1 8 Bffi&ftttfl 

1 9 mm 

20 Sfi 

2 1 -r>^ 

2 2 WU7^X 
2 3 *~X#X 

2 4 i2»/h« 

2 5 IftlBfttt 

2 6 TJl^iB 

2 7 XyXfiL 

2 8 KJR'SyK 

4 0 -f >^7iR^SB 

42 & 

[01] 



<^K * ***** 




17-1,17-2 T^S-fr-MM 
20 JE£ 

22 i±ta^-»;7^x 

23 y-ax 



[03] 




(10) #BB¥8-2 18017 

W 

4 4 <>^©IR^ 

4 5 -f>^*-h»Jyy 

5 1 l&JffigB 

5 2 *Kj£0D-5> 

53 

6 1 

6 2 tty^' 

6 3 -f>*K«# 

6 4 ttffitHimas 

i(? 6 5 ES^7 K 

6 6 ^Ur/ 

7 0 ESa-y h 
7 1 Hffi 

7 2 *sm&n 

73 Sfi 



[02] 




62 ^t?r 

63 

64 RtttEHM 

65 K 

66 * +• y v V 



(11) 



18 0 17 
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